Introduction
Prostate cancer is one of the most common types of cancer and is the sixth leading cause of cancer-related deaths among Japanese men [1] . It is now a serious public health issue in Japan, with the death rate increasing over the past two decades [1] . In most cases, death from prostate cancer results from metastatic disease. Understanding the mechanisms that underlie its progression will facilitate the development of biomarkers alleles of this gene and prostate cancer. We therefore examined the genotypic frequency of the eNOST786C polymorphism and its association with prostate cancer susceptibility, and the relationship between eNOS polymorphisms and clinicpathological characteristics, such as Gleason grade and ProstateSpecific Antigen (PSA) grade. To the best of our knowledge, this is the first study to evaluate the contribution of eNOS polymorphisms to prostate oncology in a Japanese population.
Materials and Methods

Study participants
The study consisted of a total of 220 Japanese men, including 134 patients with histological confirmed cases of prostate cancer and 86 healthy age-, ethnicity-and smoking status-matched controls. The patients with prostate cancer were treated at the Department of Urology, Miyazaki Medical University Hospital (Miyazaki, Japan) and its related hospitals between August 2011 and October 2015. Tumor grade was evaluated using the Gleason scoring system. Controls were selected randomly from healthy individuals with no history of cancer. All participants were informed of the details, procedures and objectives of this study. During the study period, critical information, such as age and smoking status, were collected from the participants using a standardized questionnaire. This study was approved by the Ethics Committee of Miyazaki Medical University and related hospitals.
Assessment of smoking status
Information on demographics, smoking history, family history of cancer and medical history was collected during the interview. Participants were asked about their smoking status and were classified as "smokers" or "non-smokers." Those who had never smoked or had smoked only a few packs of cigarettes during their lifetime were defined as non-smokers. Those who had smoked cigarettes regularly for more than 20 years were defined as smokers. Both cases and controls were subjected to similar protocols/questionnaires by the same interviewer.
eNOS genotyping
Genomic DNA was extracted from peripheral blood leukocytes using a DNA Extractor WB kit (Wako Pure Chemical Industries Ltd., Osaka, Japan) according to the manufacturer ' s instructions, and eluted with 100 μl TE buffer (Nacalaitesque, Tokyo, Japan). eNOST786C genotypes were determined using the Polymerase Chain Reaction (PCR)-based restriction fragment-length polymorphism assay, as described previously [18, 19] . The following primers were used: eNOST786C, forward, 5′-TGGAGAGTGCTG GTGTACCCCA-3′; reverse, 5′-GCCTCCACCCCCACCCTGTC -3′. Reactions were performed using KAPA Taq PCR Kits (Nippon Genetics, Tokyo, Japan) in a thermal cycler (TaKaRa PCR Thermal Cycler Dice; Takara, Tokyo, Japan).
PCR conditions consisted of one cycle at 94°C for 4 min, then 35 cycles of 94°C for 30 s, 65°C for 30 s, and 72°C for 1 min, with a final extension at 72°C for 5 min. The PCR products were digested overnight with MspI restriction enzyme (Takara, Tokyo, Japan) at 37°C and the fragments separated on a 3% agarose gel. A 140-bp band corresponded to eNOSTT, 140-, 90-and 50-bp bands represented heterozygous individuals, and bands of 90-and 50-bp corresponded to the homozygous CC genotype (Figure 1 ).
Statistical Analysis
Statistical analysis was performed using the R i386 2.15.1 software package (Vienna University of Economics and Business Administration, Vienna, Austria). The significance of differences in eNOST786C genotypes between cases and controls was determined by Pearson's χ 2 tests. Probability values < 0.05 were regarded as statistically significant. Odds Ratios (ORs) and 95% Confidence Intervals (CIs) for prostate cancer were calculated by multivariate logistic regression analysis after adjusting for several confounding variables such as age and smoking status.
Results
Clinico-pathological features are shown in Table 1 . Mean age in years of patients and controls was 68.3 ± 7.4 (range: 61-75) and 66.9 ± 8.3 (range: 59-75), respectively. Patients and controls did not significantly differ in terms of mean age distribution (P = 0.21, Not Significant (NS)) or relative frequencies of smokers and Non-Smokers (P = 0.24, NS). 
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eNOS genotype and risk associated with Gleason grade
eNOS genotypes were further analyzed for risk associated with less aggressive or highly aggressive disease, based on Gleason grade. Patients were then categorized into three groups based on this combined score (Gleason score ≤ 6 = low grade; Gleason score 7 = intermediate grade; Gleason score ≥ 8 = high grade). The results demonstrated no significant associations between genotype and Gleason grade
eNOS genotype and risk associated with PSA grade
Patients were categorized into three groups based on PSA value (PSA < 10 ng/ ml = low grade; PSA ≥ 10 and < 20ng/ ml = intermediate grade; PSA ≥ 20 ng/ ml = high grade). No significant associations were found between eNOS polymorphisms and PSA grade in patients with prostate cancer (Table 3) .
Discussion
Interest in genome-based cancer susceptibility has recently increased, with attention focused on SNPs in genes associated with carcinogenesis as they may contribute to individual susceptibility to cancer [20] . We consider eNOS located in chromosome 7q35-36 to be of particular interest in the search for genes that contribute to prostate cancer susceptibility.
Although associations of eNOS polymorphisms with prostate cancer indicate that its pro-and anti-tumor functions are important factors in development of this cancer, these SNPs have not yet been extensively explored. We selected the eNOST786C polymorphism from the National Center for Biotechnology Information website and found significant association of the C variant with higher susceptibility for prostate cancer in our Japanese population.
Similar results were previously reported by Safarinejad et al. [21] , who showed that the T786C C variant was significantly associated with prostate carcinoma; in Iranian populations. This C allele was found to be associated with prostate cancer occurrence and increased rates of high grade and advanced disease. The eNOST786C C variant in the promoter was demonstrated to be associated with lower serum concentrations of nitrite/ nitrate and reduced endothelial NO production in humans [22] . Additionally, studies have shown that the T786C C allele correlates with significant decrease in eNOS gene promoter activity compared with the T786C T allele [16] .
Recently, several studies demonstrated that eNOSvariants were associated with higher risk of prostate cancer [23] [24] [25] [26] [27] . First, Marangoni et al. reported that, the GG and GTG894T genotypes pose a 3.3-fold higher risk of prostate cancer occurrence [23] . Medeiros et al. examined the G894TeNOS polymorphism in a series of 161 prostate cancer cases, and noted that the GG genotype was associated with advanced disease and bone metastasis [24] . In another study, a statistically significant difference was found in the G894T genotype distribution between patients with advanced disease and those with localized disease [25] . On the other hand, the same authors Medeiros, et al. [26] found no association between eNOSG894T polymorphism and prostate cancer. Second, Sanli, et al. [27] investigated the relationship between the eNOS4a/b gene polymorphism and clinical parameters of prostate cancer. They did not find any association between this polymorphism and the presence of prostate cancer. However, they reported that prostate cancer patients with the 4a/bbb genotype had more localized disease and manifested bone metastasis less frequently compared with a allele carriers. Medeiro, et al. [26] reported that the a allele in eNOS4a/b may facilitate survival of blood circulating tumor cells in patients with prostate cancer.
Several studies performed over last decade demonstrated that many genes are responsible in the etiology of prostate cancer. The eNOS gene, which forms NO from L-arginine, seems to be another gene involved in prostate carcinogenesis. The exact role of NO in cancer biology has yet to be determined, as it has both pro-and anti-tumor functions. In some tumors, NO reportedly augments tumor angiogenesis and provokes vasodilatation, thus accelerating tumor growth. In other tumors, a diminished amount of NOS protein was found by immunohistochemistry, implying an association between loss of NO and carcinogenesis [28] . Possibly, different tumor cells have different sensitivities to NO-mediated cytostasis or apoptosis; clonal evolution of NO-resistant and NOdependent cells may also occur [29] . Our results provide further evidence that the NO/NOS system inhibits rather than stimulates tumor growth in prostate cancer. NO derived from eNOS or eNOS itself has been shown to be cytotoxic to tumor cells by way of direct DNA damage and can be anti-tumorigenic [30] .
In summary, our results are the first to indicate that prostate cancer susceptibility and risk are influenced by a common eNOS genetic polymorphism, with the eNOST786C C allele shown to 
